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INTRODUCTION 


The  masseter  muscles  connect  the  zygomatic  bones  (cheekbones) 
and  the  mandible  (jawbone)  to  close  the  jaw  when  contracted.  The 
pivot  point  of  the  mandible  rests  against  a  contoured  surface  of 
the  temporal  bone  of  the  skull.  Uneven,  broken,  sensitive,  or 
missing  teeth  as  well  as  uneven  bone  growth,  malocclusion,  or  bad 
oral  posture  may  cause  the  Temporo  Mandibular  Joint  (TMJ)  to  grad¬ 
ually  become  misaligned.  The  masseter  and  other  muscles  that 
stabilize  the  joint  can  become  involved  in  a  stressful  battle  to 
maintain  joint  position  and  to  speak,  chew,  or  swallow  (5) .  Many 
articles  and  books  have  been  published  on  the  use  of  a  Mandibular 
Orthopedic  Repositioning  Appliance  (MORA)  to  realign  the  joint 
(Figure  1) .  Realignment  is  claimed  to  not  only  relieve  the  pain¬ 
ful  symptoms  of  TMJ  dysfunction,  but  also  to  position  the  joint 
for  optimal  contraction  of  the  masseter.  Such  optimum  contraction 
is  credited  with  balancing  the  upper  body  biomechanism  and  thus 
increasing  strength  throughout  the  body  (15) .  Proper  TMJ  align¬ 
ment  is  also  credited  with  improving  balance  and  posture  (9) .  It 
is  also  reported  that  the  relief  of  muscle  strain  in  the  TMJ  area 
leads  to  neurological  changes  in  the  electrical  firing  patterns  of 
motor  cortex  nerves  that  pass  near  the  joint  resulting  in  more 
coordinated  muscle  contractions  throughout  several  major  muscle 
groups  (8) . 

The  benefits  of  the  MORA  have  been  described  in  the  literature 
through  case  studies  and  subjective  ratings  of  comfort,  strength, 
and/or  athletic  performance.  In  contrast,  at  least  five  control¬ 
led  studies  have  found  no  significant  increase  in  measured 
muscular  strength  due  to  use  of  a  MORA  (1,2,7,11,16).  At  least 
one  reviewer  believes  the  phenomena  of  improved  performance  is  due 
to  the  placebo  effect  (10). 

Amidst  the  controversy,  there  are  many  athletes  who  believe 
their  MORA  gives  them  the  edge  in  concentration  and  performance. 
The  Armstrong  Laboratory  became  interested  in  the  device  when  a 
high  performance  aircraft  test  pilot  reported  a  substantial 
increase  in  the  effectiveness  of  his  Anti-G  Straining  Maneuver 
(AGSM)  while  biting  down  on  his  personal  MORA  (4) .  A  controlled 
study  was  undertaken  to  determine  if  a  difference  in  6z  tolerance 
with  use  of  a  MORA  was  significantly  detectable. 

The  AGSM  consists  of  a  total  body  isometric  contraction  accom¬ 
panied  by  a  retention  of  air  pressure  in  the  lungs  (6) .  Incorpor¬ 
ation  of  the  masseter  into  the  straining  maneuver  was  verified  and 
quantified  by  recording  the  electromyogram  (EMG)  of  one  of  the 
masseter  muscles.  The  signal  was  processed  through  a  root  mean 
square  computer  program  to  characterize  the  muscle  tension  and 
fatigue.  During  fatiguing  isometric  contractions,  there  is  an  in¬ 
crease  in  the  amplitude  of  the  EMG  and  decrease  in  its  frequency 
(12,  13).  The  RMS  EMG  should  increase  with  a  uruly  fatiguing 
contraction  (14) . 
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The  objective  of  Phase  I  of  this  study  was  to  investigate  Mean 
Arterial  Pressure  (MAP  =  2/3  diastolic  +  1/3  systolic  pressure) 
and  heart  rate  (HR)  changes  during  AGSMs  at  1  G  with  and  without 
incorporation  of  a  MORA. 

The  objective  of  Phase  II  was  to  investigate  G  tolerance 

with  and  without  incorporation  of  the  MORA  into  the  AGSM;  and  to 

investigate  occurrence  of  fatigue  of  the  masseter  muscle. 


METHODS 

Facility 

The  exposures  to  substantial  levels  of  Gz  were  accomplished  on 
the  Dynamic  Environment  Simulator  (DES)  by  the  experienced  staff 
of  the  Combined  Stress  Branch  at  the  Armstrong  Laboratory. 

Subjects 

Subjects  were  selected  for  participation  from  the  Sustained 
Acceleration  Stress  Panel  of  the  DES.  They  consisted  of  9  men  and 
1  woman  who  are  all  active  duty  Air  Force  personnel  and  physically 
qualified  to  undergo  Gz  exposures  on  the  DES.  Each  subject  was 
evaluated  for  TMJ  problems  and  fitted  with  a  custom  MORA. 

Instrumentation 

During  1  Gz  straining  maneuvers,  subjects  were  monitored  by 
medical  personnel  using  manual  sphygnomanometry ,  as  well  as  ECG 
and  EMG.  During  higher  Gz  exposures,  subjects  were  monitored  with 
television  cameras,  ECG,  EMG,  ear  pulse  plethysmography,  G  suit 
pressure,  peripheral  light  perception,  and  at  some  times  trans- 
cranial  doppler  signals  of  cerebral  blood  flow  (Figure  2) .  The 
EMG  signal  was  acquired  by  a  computer  and  integrated  over  one 
second  intervals  to  display  the  rectified  mean  amplitude. 

Experimental  Design 

After  receiving  their  MORA,  subjects  were  given  approximately 
one  month  to  wear  the  device  during  any  strenuous  activities  in 
order  to  get  accustomed  to  it  and  to  assure  its  comfort.  The 
first  phase  of  the  study  was  performed  at  1  Gz  during  which  the 
mean  arterial  blood  pressure  (MAP)  and  heart  rate  (HR)  of  subjects 
were  measured  before  and  during  a  AGSM.  (Note;  subjects  did  not 
perform  the  Valsalva  portion  of  the  AGSM  at  1  Gz  due  to  the  poten¬ 
tial  for  excessive  blood  pressure  elevation.)  Each  subject 
visited  the  lab  twice,  performing  four  AGSMs  during  each  visit. 
Each  visit  consisted  of  alternating  AGSMs  with  the  MORA  and  with¬ 
out.  The  experimental  matrix  to  minimize  order  effects  is  shown 
in  Table  1  of  the  Appendix. 
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The  second  phase  of  the  study  was  performed  on  the  DES  at 
increasing  Gz  levels.  Subjects  visited  the  lab  eight  times  and 
each  visit  involved  exposures  to  a  number  of  Gz  plateaus  of 
increasing  Gz  until  their  peripheral  light  tracking  task  reached 
the  Crosbie  threshold  (3) .  Plateaus  were  20  seconds  duration  with 
1  Gz  per  second  onset  rate.  Subjects  were  not  aided  by  the  use  of 
an  anti-G  suit.  The  first  two  lab  visits  were  training  days  to 
allow  subjects  time  to  incorporate  the  use  of  the  MORA  into  AGSMs 
while  under  Gz.  During  3  of  the  remaining  6  visits  the  subjects 
used  their  MORA.  The  experimental  matrix  to  minimize  order 
effects  is  shown  in  Table  2  of  the  Appendix. 

ANALYSIS 

The  RMS  EMG  signal  amplitude  was  recorded  throughout  the 
exposures  (Figure  2) .  However,  the  final  comparison  involved  a 
binary  notation  by  the  investigator  as  to  the  signal's  tendency  to 
decrease  or  increase  in  amplitude  during  periods  of  continued 
biting.  Further  quantitative  analysis  was  made  difficult  due  to 
the  occurrence  in  some  subjects  of  drastic  signal  shifts  during 
the  gasping  portion  of  the  AGSM. 

Data  analysis  was  performed  using  a  statistical  software 
package  (SAS  Version  5.18)  on  a  DEC  VAX  Computer.  All  tests  were 
performed  at  the  0.05  level  of  significance. 

In  Phase  I,  each  straining  MAP  value  and  HR  value  was  ex¬ 
pressed  as  a  percent  increase  from  the  prestrain  values.  Using 
Analysis  of  Variance  (ANOVA) ,  each  subject's  average  percent  in¬ 
crease  for  strains  with  the  MORA  was  compared  to  their  average 
percent  increase  for  strains  without  the  MORA. 

In  Phase  II,  Analysis  of  Variance  was  used  to  compare 
subject's  average  Gz  tolerance  for  exposures  with  the  MORA  and  for 
exposures  without.  Gz  tolerance  was  defined  as  the  maximum  Gz 
level  plateau  completed  plus  the  pro-rated  fraction  of  the  last 
partial  plateau  (3). 

Finally,  a  correlation  algorithm  was  used  to  determine  the 
relationship  between  the  percent  increases  in  Phase  I  and  the 
performance  changes  in  Phase  II. 

RESULTS 

Seventy  percent  of  the  Gz  exposure  sequences  showed  a 
decrease  in  RMS  EMG  amplitude  as  Gz  increased.  Only  3  percent 
showed  an  increase  in  amplitude  while  the  remainder  showed  no 
change . 
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PERCENT  OF  PRE-STRAIN  (N 

(MEAN  AND  STD  OF  SUBJECTS) 


NO  MORA 
lORA 
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I  NO  MORA 

Qmora 


The  static  portion  of  the  study  (Phase  I)  showed  subject's 
average  percent  increase  in  MAP  and  HR  to  be  36%  and  60%  respect 
rively  while  using  a  MORA.  Without  the  use  of  the  MORA,  subject's 
average  increase  in  MAP  and  HR  were  31%  and  43%,  respectively 
(Figure  3) .  Thus  the  MORA  was  found  to  significantly  improve  the 
percent  increase  of  MAP  and  HR  by  approximately  5  percentage 
points  and  17  percentage  points,  respectively  (p  <  0.0011). 

The  dynamic  portion  of  the  study  showed  a  mean  tolerance  of 
7.3  Gz  for  exposures  with  the  MORA,  and  a  mean  tolerance  of  7.0  Gz 
for  exposures  without  the  MORA  (Figure  4) .  The  difference  between 
the  means  was  statistically  significant  (p  =  .0345). 

There  were  no  significant  correlations  by  subject  found 
between  percent  changes  in  MAP  and  HR  during  phase  1  and  changes 
in  G  tolerance  in  phase  2  (p  >  0.5044). 

DISCUSSION 

The  RMS  EMG  signal  was  very  useful  for  training  subjects  to  incor¬ 
porate  the  biting  into  their  AGSM.  It  also  showed  that  subjects 
did  not  use  the  masseter  muscle  to  the  point  of  fatigue  indicating 
that  concentration  and  energy  were  diverted  to  other  isometric 
contractions  at  higher  Gz  levels. 

Phase  I  demonstrated  that  the  MORA  helps  to  elevate  blood 
pressure  and  heart  rate.  Phase  II  demonstrated  a  significant 
improvement  in  Gz  tolerance  across  the  subject  population,  as 
measured  by  the  Crosbie  technique  (Figure  5) .  Comparing  these 
results  to  the  EMG  data  suggests  that  the  MORA  is  of  some  service 
during  AGSM  at  lower  Gz  levels  (3-5  Gz)  but  becomes  difficult  to 
incorporate  into  the  straining  maneuver  at  higher  Gz  levels  (6-8 
Gz) .  Future  studies  of  the  MORA's  contribution  to  Gz  endurance 
and  fatigue  in  low  Gz  aircraft  may  be  of  value.  It  may  also  be 
necessary  to  conduct  these  future  studies  with  the  use  of  an  anti- 
G  suit.  TMJ  alignment  and  masseter  isometric  contraction  may 
interact  with  the  mechanisms  of  Gz  tolerance  differently  when  the 
lower  body  is  protected  from  blood  pooling. 

Although  no  subjective  ratings  were  included  in  this  study, 
several  observations  were  made  that  merit  mentioning.  The  most 
important  consideration  for  use  of  the  MORA  under  Gz  was  the  prob¬ 
lem  of  increased  salivation  combined  with  difficulty  in  swallow¬ 
ing.  Several  subjects  coughed  or  swallowed  under  high  Gz  levels 
resulting  in  loss  of  breathing  rhythm.  Most  were  able  to  recover 
and  continue  the  exposures.  However,  a  heavily  tasked  individual 
may  have  further  problems.  One  subject  reported  difficulty  in 
swallowing  as  well  as  a  flared  eustachian  tube  on  each  exposure 
with  the  MORA.  Another  subject  reported  not  being  able  to  swallow 
with  the  MORA  in  place.  These  problems  may  be  addressable  through 
modifications  and  adjustments  to  each  MORA. 
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G  TOLERANCE 


(CROSBIE  19d3) 


CONCLUSIONS 


The  RMS  EMG  signal  is  a  useful  indicator  for  masseter  contraction 
and  level  of  fatigue.  This  experiment  indicated  that  subjects  did 
not  use  the  masseter  muscle  to  the  point  of  fatigue. 

This  experiment  has  shown  that  the  MORA  can  be  of  assistance  to 
some  individuals  during  execution  of  the  anti-G  straining 
maneuver.  Some  individuals  are  more  comfortable  with  something  to 
bite  on  during  the  strain,  and  have  relatively  little  problem  with 
swallowing  or  speaking  with  the  MORA  in  place.  Thus,  a  MORA 
should  be  considered  as  an  available  option  to  those  pilots  who 
choose  to  use  one,  provided  it  is  well  fit  and  tested  prior  to 
f 1 ight . 
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APPENDIX 

TABLE  A-1.  EXPERIMENTAL  MATRIX  PHASE  I 


MORA  used  during  AGSM 

Order  Code  A 

Order  Code  B 

Yes  No  Yes  No 

No  Yes  No  Yes 

Subject  # 

1  23456789  10 

Day  1 

Day  2 

ABABABABAB 

BABABABABA 

TABLE  A-, 

2.  EXPERIMENTAL  MATRIX  PHASE  II 

MORA  used  during  AGSM 

Order  Code  A 

Yes  No  No  Yes  No  Yes 

Order  Code  B 

No  Yes  Yes  No  Yes  No 

Subject  # 

123456789  10 

Assignment 

ABABABABAB 
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